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Size effect in Hall effect 
with SI-CaAs 
Hall effect measurements are an important means of quality control in the use of SI-GaAs wafers. Recent 
round-robin testing by Japanese substrate suppliers has been aimed at reducing the error from finite con- 
tacts, as a step towards standardization of Hall effect measurements. 
T he electrical properties of semi-insulating G&S (SK&As) crystals, such as re- 
sistivity (p), mobility (cl), and carri- 
er concentration (n), are 
dependent on the purity and de- 
fects of the crystal. These have a 
close correlation with the activa- 
tion efficiency of the ion implanta- 
tion and are, therefore, taken to be 
the key factors for quality control 
of SI-GaAs wafers. 
These values are normally 
obtained by Hall effect measure- 
ments using van der Pauw 
geometry and, for prdctical 
reasons, a square sample is gener- 
ally used for this purpose rather 
than a ‘clover-shaped’ sample.This 
is generally thought to reduce the 
influence of finite contacts. 
The error due to finite con- 
tacts has been theoretically inves- 
tigated and a correction factor has 
7 Bble 1. An outline of the samples used in the experiment 
Sample Contact shape ChipsIze contact cm zl.iwnw s  chlpatz  c t ct ( l zl.i  1 
(mtn2> slfze =2> 
Sl In Round 3.9 x 3.9 Imm 0.26 624 
s2  In Round 6.9 x 6.9 Imm 0.14 634 
53 In Round 9.9 .9 x 9.9 .9 Imm 0.10 636 
T3  AuGeNi Triangle 3.9 .9 x 3.9 .9 0.7 mm .7 0.18 625 5 
T2  AuGeNi Triangle 9.9 .9 x 9.9 .9 1.5 mm 0.15 632 
Tl AuGeNi Triangle 9.9 .9 x 9.9 .9 0.7mfn .7mfn 0.07 .07 636 6 
I (A) Samples 
Figure 1. A schematic of the Ha// samples (a) and contacts (b) used in the round-robin 
experiment. 
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been proposed, which is a para- 
meter based on the proportion of 
the contact size to the sample size 
[ 11. Until now, however, nobody 
has demonstrated such a size 
effect using commercially avail- 
able SI-GaAs wafers. This article 
reports on a round-robin measure- 
ment programme conducted 
by the Japan Manufacturers’ 
Society - Compound Semiconduc- 
tor (JAMS-CS) to obtain this infor- 
mation, hopefully as a step 
towards the standardization of 
Hall effect measurement in 
SI-GaAs. 
The experiment 
Six different samples. based on 
variations in chip size and contact 
shape, were used after consulta- 
tion with JAMS-CS companies. As 
shown in Figure I, these varia- 
tions consisted of three different 
chips (3.9 x 3.9 mm2, 6.9 x 
6.9 mm2 and 9.9 x 9.9 mm2) from 
the merchant vendors of 4-inch di- 
ameter SI-GaAs wafers, each of 
which was made with either 
AuGeNi contacts (triangle shape) 
or In contacts (round shape). In or- 
der to avoid breakage by handling 
during the round-robin, samples 
were put in Teflon cases and fixed. 
Once the samples were pre- 
pared, three companies (A, B, C) 
out of members of JAMS-CS were 
used to make the round-robin mea- 
surements, with the recorded val- 
ues extrapolated to a temperature 
0f 298 K. 
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Table 2. Results of the round-robin testing 
Results 
Resistivity: The data from the ex- 
periment is given in Table 2, while 
the correlation between both resis- 
tivity and 6/l, and mobility and 6/l, 
is shown in Figures 2 and 3 respec- 
tively. 
As Figure 2 shows, the round- 
robin test did not find a good cor- 
relation between the contact size 
and the measured values of resis- 
tivity. Using the theory outlined 
earlier [ 11, the resistivity correc- 
tion factor is calculated as about 
1.01 when the proportion of the 
AuGeNi contact (6/l) is 0.18. As 
shown in Table 2, the deviation of 
the resistivity values among the 
3.01 
(4 
/ 
Figure 2. Effecf of contact size on resistivify for (A) In contacts and (6) AuGeNl contacts 
three companies ranges from 6.6% 
to 12.9%.The deviation of the mea- 
sured values when (6/l) is 0. 18 is 
6.7%, which is larger than the size 
effect factor calculated in the refer- 
ence. This result is similar to that 
obtained in other round-robin tests 
conducted by JAMS-CS [2,3]. This 
deviation is presumed to come 
predominantly from other factors 
than size effect factor, e.g. temp- 
erature fluctuation and the im- 
pedance of the measurement 
equipment and so forth.A change 
in temperature of only 1” at 298 K 
is calculated to become a 9.4% 
change in the resistivity value by 
the following equation: 
pzsx = pT exp[Wk(1/298 - l/T)1 
where Ea = 0.75 eV 
In conclusion, the size effect 
does not seem to be the dominant 
criteria to decrease the error on 
the resistivity measurement and 
further investigations may well be 
necessary for this purpose. 
Mobility: Figure 3 shows there is 
an obvious correlation between 
the contact size and the measured 
values for mobility. According to 
the theoretical calculation [ 11, the 
mobility correction factor is cal- 
culated as about 1.20 when the 
proportion of the AuGeNi contact 
(6/l) is 0.18. These results show 
that the size effect becomes the 
dominant factor in the mobility.As 
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Figure 3. The effect of contact size on mobility for (A) In contacts and (6) AuGeNi contacts. 
shown in Table 2, the deviation of 
the mobility values among the 
samples from the three compa- 
nies is less than 4.4%. The devia- 
tion of the measured values is 
1.6% when (S/l) is 0.18 which is 
much less than the size effect fac- 
tor calculated in the reference. 
Its temperature dependence is 
calculated as about 0.5% at lo dif- 
ference, from the following: 
u298 = pT (298 /T’Y”‘2 
The measurement values ac- 
cording to the different proportion 
of the contact size seem to fit the 
theoretical curve. 
As a result, the size effect 
should be considered as one of the 
important factors for the measured 
mobility value and its correlation 
coefficient by contact size, and can 
be useful for decreasing measure- 
ment error. 
Summary 
The JAMS-CS round-robin investi- 
gation into the influence of the 
contact size effect on Hall effect 
measurements found it was not a 
dominant factor in relation to re- 
sistivity measurements, rather 
temperature fluctuation and/or 
other measurement condition ap- 
pear to be responsible. On the 
other hand, the size effect on mo- 
bility shows a clear dependence, 
as predicted theoretically, and it 
shows that the correction coeffi- 
cient is useful. 
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